Introduction
Causalgia-dvstonia is a manifestation of reflex sympathetic dystrophy, recently renamed complex regional pain syndrome (Schwartzman and Kerrigan 1990; Bhatia et al. 1993; Jankovic 1994; Stanton-Hicks et al. 1995) . It is a combination of persistent pain, often with allodynia and hyperpathia, with a fixed dystonic posture of an extremity, often triggered by minor trauma. In addition, autonomic features such as difference in skin color or temperature relative to the other limb, edema, dystrophic changes and atrophy of skin, soft tissue, muscle, and bone can be present. The fixed dystonic posture contrasts with the mobile spasms characteristic of idiopathic torsion dystonia (Schwartzman and Kerrigan 1990; Bhatia et al. 1993; Jankovic 1994) . Peripheral and central mechanisms, as well as psychogenic factors ha\ r e been invoked to explain the syndrome (Schwartzman and Kerrigan 1990; Bhatia et al. 1993; Jankovic 1994) . To study, whether central reflex mechanisms involved in, peripherally induced, causalgia-dystonia syndrome differ from those in pure dystonia with a presumed central origin, we performed soleus H-reflex tests in five patients with a causalgia-dystonia syndrome. The results were compared with those in a group of purely dystonic patients and in a group of healthy controls and another group of healthy controls mimicking dystonic posture.
Methods Soleus H-reflex tests
During all tests individuals were seated and soleus H-reflex responses were studied only in the absence of triceps surae EMG activity, which was noted aurally and visually on the oscilloscope at the beginning and end of each reflex study (Bour et al. 1991; Koelman et al. 1993) . The posterior tibial nerve was stimulated in the popliteal fossa with 1 ms square wave constant current pulses. Stimulus intensity to elicit threshold soleus H-reflex response was increased stepwise up to the intensity to elicit maximal direct soleus muscle (M) potential. H-reflex response and M-potential recruitment curves were plotted as the amplitude of the H-reflex response or M-potential against stimulus intensity. Peak-peak values of the maximal H-reflex (Hmax) response and maximal M-potential were used to calculate the H/M ratio (Bouretal. 1991; Koelman et al. 1993) . Vibration with a frequency of 100 Hz and an undamped amplitude of 1 mm was applied to the Achilles tendon by a Brüell and Kjsr 4809 vibrator. The cumulative vibratory index (CVI), defined as the ratio of the area under the H-reflex recruitment curve obtained during and without vibration, was taken as a quantitative measure for the vibratory effects on the H-reflex. Only the CVI at the stimulus intensity vielding Hmax was used (Bour et al. 1991; Koelman et al. 1993 ). H-reflex recovery curves were constructed by application of paired stimuli of equal intensity' at which the conditioning H-reflex reached half its maximum value. Time-intervals between conditioning and test stimulus were 100, 200, 250, 300,400, 500 ms and at 1, 3,10 and 30 seconds. Recovery curves were plotted as the ratio in percentage between area values of the test and conditioning H-reflex response against time interval between the two stimuli. The local maximum of the test H-reflex in the late facilitatory phase (LF) that occurs at stimulus intervals between 100 and 350 ms and the local minimum of the test H-reflex in the late inhibitory phase (LI) of the recovery curve that occurs at stimulus intervals between 350 and 1000 ms were used for analyses (Bour et al. 1991; Koelmanetal. 1993 ).
Patients and control subjects
The first group consisted of five patients, aged 28 -47 years (mean 34 years), with causalgia-dystonia. All had fixed dystonic equinovarus posturing of the foot in combination with pain and sensory symptoms; three after abdominal surgery; one after a minor backinjury; and one after an unexplained sciatic pain syndrome. In none there was a clear alternative explanation as to the origin of the symptoms and signs. In four patients causalgia-dystonia was present in one leg and soleus H-reflex tests were performed in both legs. The fifth patient had bilateral involvement and soleus Hreflex tests were performed in the most affected leg only. The second group consisted of 13 purely dystonic patients, aged 21-68 years (mean 46 years). Two had hemidystonia due to an infarction of the contralateral basal ganglia. Three patients had a generalized familial dopa-responsive dystonia. The remaining patients suffered from an idiopathic dystonia; one a segmental type confined to the legs; three a hemidystonic type; and four a generalized type. The third group consisted of 48 controls, aged 20-70 years (mean 38 years). The results in the third group and part of the results in the second group have been published earlier (Koelman et al. 1995) . Soleus H-reflex tests were also studied in a fourth group consisting of five controls, aged 25-34 years (mean 29 years), who were asked to hold the foot fixed in equinovarus. Again soleus H-reflex tests were investigated in the absence of EMG activity monitored over the soleus muscle only.
Statistical analysis
Soleus H-reflex test results in the different groups were compared with unpaired two tailed two sample Student's t-tests. A difference with p< 0.05 was considered to be significant.
Results
Results of the soleus H-reflex tests are presented in the table. In group 1 patients with causalgia-dystonia in the symptomatic leg, the H/M ratio was normal, CVI was depressed, LF of the recovery curve was increased and LI was decreased. These findings were similar to those seen in group 2 patients with pure dystonia. In the asymptomatic leg in the four group 1 patients with unilateral involvement H/M ratio, CVI and LI remained in the normal range, whereas LF was increased. In the controls mimicking by an autogenic axo-axonal presynaptic inhibition of la terminals (Floeter et al. 1998 ).
Post-activation depression or neurotransmitter depletion probably add to vibratory induced inhibition (Floeter et al. 1998) . The facilitatory period of the recovery curve is probably mediated by cutaneous afferents and muscle afferent activity induced by relaxation after the stretch of the conditioning H-reflex, whereas neurotransmitter depletion probably accounts for the inhibitory phase (Koelman et al. 1993; Kagamihara et al. 1998) For groups the values are means with SD in parentheses. * p < 0.05, **p < 0.01 compared with controls
The normal H/M ratio in the patients militates against a direct tonic activation of motoneurons. Although it is difficult to exclude involvement of interneuronal connections for the linkage of sensory and motor activity within the spinal cord with certainty, the similar H-reflex modulations in pure dystonia and mimicked posture suggest a similar, supraspinal involvement in the generation of dystonic posture in causalgia-dystonia patients. The pattern of the spread beyond the original site in some patients with causalgia-dystonia also suggests supraspinal involvement (Bhatia et al. 1993 ). Supraspinal organization can be altered by nerve stimulation and nerve injury, but also by sensory stimulation of the skin (Merzenich and Jenkins 1993) . In causalgiadystonia central motor control may be altered by a trauma in such a way that the affected limb is dissociated from normal regulatory mechanisms. The H-reflex tests used cannot distinguish an extrinsic trauma from a psychogenic causation as the origin of dystonia and clinical clues have to be taken into consideration (Fahn 1994 ). However, a fundamental physiological difference between trauma induced and psychogenic dvstonia appears unlikely as in both origins an altered central organization may be induced by sensory stimuli.
